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Abstract
Electrical switches are ubiquitous. Performance requirement of the switch is stringent. Operating
mechanism is a key element in an electromechanical switch. No rigorous procedure is not avail-
able for design of such mechanisms. A systematic procedure to design and analyze toggle based
switching mechanisms is developed in this thesis. The thesis defines the toggle and introduces a
classification scheme for the switch mechanisms based on the behaviour of the toggle. It introduces
the concept of the multiple toggle system . This concept allows study of a switch as a metamorphic
mechanism with multiple inputs.
The functional requirements of switching mechanisms are identified and the working principle of
a few toggle based switches are analyzed. In dierent identified functional states, the number of
eective links and degrees of freedom of the mechanisms change. Existing switching mechanisms
are classified into two major categories, viz. single and double toggle switches. It is argued that
the double toggle mechanism is more suitable for high power breaking as it can eciently isolate
the system behaviour from the operator behaviour. The kinematic and geometric attributes of the
mechanism which aect the toggle sequence and timings have also been identified.
It is found that the behaviour of a mechanism can change significantly with the profile of the higher
pair contacts. The mobility of a system also may change depending upon the type of higher pair
contact present in it. It is established that construction of a three position switch is impossible with
the plunger which makes a point contact with the moving link. The eect of circular and non-
circular contact surface-profiles on the switching mechanism has been studied. The mechanism
with non-circular contact profile is found to be most suitable for a three position switch.
Structural criteria necessary for a mechanism to exhibit double toggle phenomenon have been iden-
tified and verified with all 2 d.o.f. kinematic chains with 5, 7 and 9 links. Additionally, the link
dimensions, link arrangements, stopper placement have to be chosen suitably to construct a double
toggle switch from a kinematic chain. Three necessary kinematic criteria for the embodiment of a
switching mechanism have been identified. A few mechanisms which satisfy all the structural and
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kinematic criteria are designed through manual trial and error procedure. Finally, by incorporat-
ing all the conditions mentioned, a novel double toggle switch is constructed including the mass
embodiment and non-interfering link geometries. Switching behaviour of these mechanisms and
occurrence of double toggle are validated using the Pro/Mechanism simulations.
A systematic simulation based study is performed to investigate the influence of dierent kinematic
and dynamic parameters on the functionality of an existing double toggle switching mechanism.
The geometric conditions that strongly influence the toggling behaviour of the mechanism have
been identified. The influence of the variable moment of inertia and mechanism singularities aris-
ing out of introduction of the four bar sub chain on the performance of the system have been
studied in detail. It is observed that the system is immune to the inertial property of the handle;
but reduced moment of inertia of the crank enhances the system performance. It is observed that
the performance of the double toggle systems is less susceptible, though not immune, to the user
behaviour; simulation of extreme scenarios revealed that the switching performance could become
erratic. The usage of an additional spring in strategic location of the existing system enhances the
system performance and connecting the main spring with the coupler link (instead of an additional
spring) can alter system performance significantly. It is seen that influence of the kinematics on the
performance of a switching mechanism is more pronounced than the dynamic property of a simi-
lar system. The thesis helps to get rid of the present convention of only optimization of dynamic
parameters (viz. spring stiness, mass of the links) to improve switching performance and presents
a systematic procedure to design a new switching mechanism from the scratch.
